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Abstract-Two mathematical models are constructed for the determination of the value of 
a time interval as sensed by a living organism and compared to the clock value of the given 
interval. The models appear to be useful, as general formulations. to discipline research into 
system phenomena whose behavior is dependent on real or perceived time. As such. the 
models should hold considerable interest for those scientists or researchers working with 
“intelligent” entities. 
I. INTRODUCTION 
Consider a living organism A that is confronted with the time notion through some external 
effect such as feeding or defense against periodic action. We consider here mathematical 
models for the time concept of A based on either its age or its age and some other time 
connected effect. 
2. TIME MODEL BASED ON AGE ONLY 
We consider the following simplified case: A has no other term of comparison for its time 
notion than its age. Let T,, be a certain time interval and let T be the time that A feels or 
thitk~ that To lasts when A is of age t. 
Let T + dT be the value of T when t has become t + dr. It is commonly known from 
human experience that dT < 0. i.e., time intervals seem shorter the older we get. We shall 
thus assume that dT < 0. In addition, we make the following assumptions: 
(i) dT is proportional to dt. 
(ii) dT is proportional to T, 
the coefficient of proportionality is A-, so that 
dT= -kTdr. (1) 
The differential equation (I) is readily integrated to give the general solution 
T = C eekr, (2) 
where C is an arbitrary constant. Let to be the (unknown) age at which T = To, i.e., 
T,, = C e - hrlj. It follows that C is determined and (2) can be written 
T = T,, e-k(‘-Gd (3) 
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a = T/i”, = e-kc’-‘0) (4) 
where a is called the rime aberration. To determine the two constants k and t, we use the 
following conditions: for t = t,, t2, a = a,, a*, i.e., 
a, = e - k@l- to) a2 = e - k0, - co) 
from which we deduce 
k = [lna, - lnaJ(tz - t,) 
and 
t, = [rl lna, - r2 lna,]/[lna, - lna,]. (6) 
(5) 
3. TIME MODEL BASED ON AGE AND OBSERVATION 
We assume now that in addition to the influence of age there is an influence due to some 
periodic phenomenon that can be used as term of comparison such as (i) the seasons, (ii) day 
and night (almost periodic), and (iii) heart neat. The differential equation (1) will thus be 
modified: 
dT= -kTdr-+hdr, (7) 
where h = h(r) may be a slowly varying function such as a line with very weak slope or the 
positive part of the half-period of a sine curve, where the life length of A would be the 
half-period, say I, thus h(r) = a sin(ZZr/J.); a being a constant. Equation (7) can be written 
in the form 
dT 
dr+kT=h, (8) 
which is readily solved to give the general solution 
T= Keek’+ 
[I 1 h ek’dr emkr , (9) 
where K is a constant of integration. If h reduces to a constant, the general solution of (8), 
i.e., (9) becomes 
h 
T=Kevk’+-. 
k 
Introducing as before the age r = r,,, where T = T,,, (10) becomes 
(11) 
where TO is known and the constants K, k, and r, will be determined experimentally. 
We assume that 
the time origin (at 
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4. EXAMPLE OF APPLICATION 
in the case of human psychology the function h(t) is strictly linear from 
birth) to a certain age 0,, where in certain cases 8, need not be limited 
since it could exceed the life span of the individual. Thus, 
h(t) = at + b, 0 6 t 6 19, (12) 
so that T is given by 
b T=Ke-k’+!!__!?+_ 
k k2 k’ 
(13) 
Assuming that at birth t = 0, T = 0, we obtain 
T = [(a/k*) - (b/k)][e-“+ kt - l] + bt. (14) 
The curve representing T(t) admits an oblique asymptote, thus for large values of t, T can 
be approximated by the line 
T = (a/k*)[kr - l] + (b/k). (15) 
We consider two possibilities: 
(i) Either by absorption or by injection of a depressant or the accidental equivalent produced 
physiologically, pathologically or emotionally, there is a change in the individual; 
(ii) Same as (i) but with a stimulant instead of a depressant. 
It will be observed that the effects of a (i) and (ii) are opposite and temporary, i.e., limited 
to a time interval [e,, 0,]. Stimulation or depression will alter the time feeling, and thus Twill 
change. The effect will be an additional term on the right-hand side of (7), 
cP(t)W - 6) - u(l - O*)l, (16) 
where we assume that cp(0,) = cp(8,) = 0, and u(t - e,), and u(t - 0,) are Heaviside step 
functions cutting off q(t) at 0, and f3,. According to (9), Twill be consequently of the form 
T = (a/kZ)[emk’+ kt - l] + [u(t - 0,) - u(t - e,)] eekr 
s 
cp ek’dt. (17) 
It follows that the time aberration once modified can be restored to normal by the opposite 
effect. Moreover, there is here a numerical method of evaluation of the effects considered. 
Both (i) and (ii) can be measured by the abnormal time aberration obtained by direct 
measurement. It is thus possible to evaluate numerically a temporary depression or stimu- 
lation. The same method can be applied to the study of more complex psychological 
phenomena. 
